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STAAR Science Tutorial 01 

TEKS 8.2A,B,E: Scientific Inquiry Processes 
 
TEKS 8.2A,B,E:  The student is expected to plan, design and implement 

comparative and descriptive investigations by making observations, 

asking well-defined questions, formulating testable hypotheses, 

and using appropriate equipment and technology, to analyze data to 

formulate reasonable explanations, communicate valid conclusions 
supported by the data, and predict trends. 

Scientific Inquiry Methods 
 

• There is no one process or set of steps that scientists use to learn new scientific 

knowledge.  Scientists do use a basic set of observation and reasoning skills, and 
follow a general process, in many scientific investigations.  This process was once 

called “the scientific method,” though in fact there was never one standard method.  
The following paragraphs describe the most common steps that may be included in 
a scientific inquiry. 

• Question: The scientific inquiry process always begins with a question or problem 
which can be answered by scientific inquiry.  It can be comparison, such as: 

“Which laundry detergent, Tide or Cheer, will remove mustard stains from cotton 

the best?”, or a description, such as the migration habits of caribou or the structure 

of DNA.  Not all questions can be answered by scientific inquiry.  Human opinions, 

such as who was the best-ever baseball player, or teenagers’ favorite recording 
artist, can be collected and summarized in opinion surveys, but this is not science.  
Some questions cannot be answered by scientific inquiry.  For example, religious 

beliefs are based on faith, not experimentally-testable laws of nature.  No 
experiment can determine if there is (or is not) a God.  Some questions cannot 

presently be answered because of limitations in current technology, but may be 
answerable in the future. 

• Observation: Before a question can be answered, observations are needed to 

understand the scope of the question, guess at possible answers, and design an 
experiment that can answer the question.  In science, an observation is the use of 

one or more of the senses to gather and record detailed information about some 

element of the natural world.  Observations can either be qualitative, described in 
words, such as color or shape, or quantitative, measured and described in numbers 

with standard units.  If possible, scientists prefer quantitative (numeric) 

observations, because they are universally understood and easily analyzed.  The 

recorded observations are called data. 

• Research: Once a scientist has a proposed question, and has made some initial 

observations about it, he or she will want to know what other scientists have 

published about the question.  This research will help in predicting the most likely 
answer to the question, and in designing an experiment that will answer the 

question with the fewest sources of error.  Research may reveal that an experiment 



is not needed to answer the question, because it has already been answered and 

verified by other scientists. 

• Inferences: An inference is a logical interpretation based on observations and 
prior knowledge.  We all use inferences many times each day to interpret the world 

around us.  For example, when the lights go out in a room, possible inferences 

would include a power failure, a burned-out light bulb, a tripped circuit breaker, or 

simply someone turning the light switch off.  By collecting more information and 

making more inferences, the answer choices are narrowed, hopefully to one. 

Scientists use inferences to make sense of their observations, to make initial 
guesses about what will happen in an experiment, and why it will happen. 

• Hypothesis: A hypothesis is a prediction about the results of an experiment, 

possible explanation of a set of observations, or predicted answer to a scientific 
inquiry question.  It is usually stated in a sentence that begins with “It is predicted 

that . . . .”, or in an ‘if-then’ logical statement: “If more carbon dioxide is added to 

the Earth’s atmosphere, then the average temperature of the atmosphere will 

rise.”  The hypothesis must be testable by observation or experiment.  It must be 
falsifiable.  If there is no way to prove a false hypothesis is actually false, it is not a 
proper hypothesis for scientific inquiry. 

• Experimental Design:  Once a hypothesis has been created, an experiment must 
be designed to test that hypothesis.  The experimental design consists of a list of 
materials, and a series of steps (procedures) that must be followed.  Both the 

materials and procedures should be specific and exact, so that each time the 
experiment is performed, the results will be the same, no matter who performs the 

experiment.  The material list should include quantities, sizes and brands.  The 
procedures should be numbered in proper order, and give details of how each step 

should be performed.  The design must avoid as many sources of error as possible, 
and lead to repeatable results.  In other words, if the experiment is repeated ten 

times, each should get about the same result.  If the results are not consistent, 
there are sources of error that must be corrected.   

• Controlling Variables: A properly designed experiment can only test changes in 
one variable at a time.  This variable is called the independent or manipulated 

variable.  All other variables in the experiment must be “controlled” (that is, kept 
the same throughout the experiment) as much as possible.  The variables that are 

measured by the scientist in the experiment are called the dependent or 

responding variables.  There can be more than one dependent or responding 

variable in an experiment.  For example, in an experiment testing which laundry 

detergent removes mustard and ketchup stains the best, the brand of laundry 
detergent would be the independent variable, and the amount of mustard and 

ketchup stain removal would be the two dependent variables.  The controlled 

variables would be the cloth type, the stains on each sample, the water 
temperature, the length of wash cycle and every other step in the testing 

procedure.  When a variable in the experiment cannot be completely controlled, 

such as the genetic variations of people in drug tests, the variation is minimized by 

averaging results from a large number of tests or test subjects.  

• Control Group: In some comparative experiments, there is a need to compare the 

inclusion of some factor with the absence of that factor in the independent 
variable.  For example, in testing an experimental vaccine for the flu, the scientist 



will give some subjects the tested vaccine (the test group), while others are not 

given the vaccine (the control group).  In “double-blind” experimental studies, 

neither the scientist nor the subjects know whether they are getting the actual test 
vaccine—this is assigned randomly by computer.  The control group gets a 

“placebo”, a place-holder which looks like the test vaccine, but in-fact a harmless 

but useless substance.  At the end of the experiment, the subjects (both test and 
control) report their response to the vaccine (whether they got the flu).  A 

computer then reveals which subjects got the test vaccine or placebo. If fewer test 

group subjects get the flu than control group subjects, the vaccine has some 
effectiveness. 

• Data Collection: Once the experiment is designed, it must be performed exactly 

as designed, and both quantitative and qualitative data collected.  Standard units 
of measurement, and accurate and precise measuring devices must be used to 

minimize error.  (See STAAR Science Tutorial 2-Measurement.)  Most 

measurements are subject to some error, due to uncontrollable outside influences 

or human error in making measurements.  To minimize the impact of that error, 
multiple trials of the experiment should be performed. The larger the number of 
experimental trials, the smaller the resulting error when the data is averaged.  A 

data collection table is used to record the data.   

• Data Analysis: Once all data is collected, it must be analyzed to reach a 
conclusion supported by the data.  If the data is quantitative, it must be averaged, 

and the range (difference between low and high data points) compared to the 
average.  If the range is large, the reliability of the data must be questioned.  A 

small range suggests that the non-tested variables were well controlled.  Graphs 
should be prepared to best illustrate the results.  (See STAAR Tutorial 3-Graphing.)  

In most experiments, there is one graph of the data which will best show the 
outcome of the experiment.  Qualitative data should be presented as footnotes to 

the numeric data, or on a separate table, depending on their importance.  

• Conclusions: A conclusion is the result of the experiment, in the form of an 

answer to the original question. It should be stated as a freestanding claim, a 
detailed statement which includes both the tested independent variable and 

resulting dependent variable.  For example, in the laundry detergent example given 
above, the claim might be: “Tide detergent cleans mustard stains from cotton 

better than Cheer.”  The claim should be followed by a statement of the supporting 

evidence, including averages of multiple trials, and the range of measured results. 

Finally, the conclusion should contain the reasoning linking the evidence to the 

claim, including any supporting scientific principles, and analysis of potential 
sources of error.  In some cases, the conclusion may be that no conclusion can be 

reached, because the data averages are too close, data range is too high, or 

sources of error too great.  In these cases, the scientist will usually try to redesign 
the experiment to get a more reliable result.  Even when the conclusion seems well 

supported, the scientist will repeat the experiment several more times to verify the 

conclusion.  

• Publication: When a scientist reaches a conclusion in a well-designed series of 

experiments, he or she will try to publish an article summarizing and 

communicating it in a “peer-reviewed” scientific journal.  Before the journal decides 
to publish an article, the article will be reviewed by other scientists who are experts 



in that field of study. If they find no reason to question the conclusion, and believe 

that the experimental design is reliable, they will recommend publication. Other 

scientists will then read the article, and perhaps test the conclusion in their own 
experiments.  If many other scientists test the conclusion and agree with it, over 

time it will be accepted into the body of scientific knowledge. 

 

Practice Questions 
 

1. With what step does the scientific inquiry process always begin? ____________ 

_______________________________________________________________. 

2. What is an inference? _____________________________________________ 

_______________________________________________________________. 

3. What is a hypothesis? _____________________________________________ 

_______________________________________________________________. 

4. A proper hypothesis in a scientific inquiry is both __________________ and 

______________________. 

5. An independent or manipulated variable is _____________________________ 

_______________________________________________________________. 

6. A dependent or responding variable is ________________________________ 

_______________________________________________________________. 

7. The controlled variables in an experiment are ___________________________. 

8. A control group in an experiment is ___________________________________ 

_______________________________________________________________. 

9. What are the three parts of a conclusion? ______________________________ 

_______________________________________________________________ 


